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Interfacial differences between SiO , grown on 6H-SIC and on Si (100)

G. G. Jernigan? and R. E. Stahlbush
Naval Research Laboratory, Code 6810, Washington DC 20375

M. K. Das and J. A. Cooper, Jr.
Department of Electrical and Computer Engineering, Purdue University, West Lafayette, Indiana 47907

L. A. Lipkin
CREE Research, Inc., Durham, North Carolina 27713

(Received 30 October 1998; accepted for publication 12 January) 1999

Oxides grown onp-type 6H-SiC and on $100) were studied using x-ray photoelectron
spectroscopy and sputter depth profiling to determine what differences exist between the two
systems. The oxide on SiC is found to be stoichiometric,SiDt the oxide is structurally different

from the oxide grown on $100. We propose that strain introduced during processing accounts for
the structural differences. We also found that Si atoms at thg/SiO interface are chemically
different from Si atoms in the bulk of SiC and a number of possible explanations for this are given.
© 1999 American Institute of Physid$0003-695099)03510-X

The development of metal-oxide-semicondudteiOS) ambient was switched to Ar, and the sample was cooled to
structures on silicon carbide substrates is already under we800—950 °C where it was exposed again to wefd ~2 h.
for applications where devices are needed in high temperarhe sample was immediately removed from the furnace re-
ture or in high power circuits. However, the electrical prop-sulting a final oxide thickness of-50 nm. The electrical
erties of the oxides grown on SiC do not have the low fixedcharacteristics of the grown oxide were determined t@be
charge densitiesq;) and interfacial trapped charge densities of 5x 10" cm™? andDj; of 1x 10" cm 2eV~L" The Si ref-
(Dy) that are obtained for oxides grown on silicon erence sample was prepared by following a standard RCA
substrate$? This is surprising since the oxidation of SiC is cleaning procedure. The sample was oxidized at 1000 °C un-
expected to result in Siand volatile carbon monoxide or der dry G for 1 h resulting in an oxide-50 nm thick and
carbon dioxide gas which should escape. In contrast to 1aving electrical characteristics @;<5x10'cm™2 and
processing, oxides on SiC are grown in a wet ambiént, Diy<5x10'cm ?eV~'. Each sample was cleaved into 5
utilize a postoxidation anne&f and are not improved by X5 mm squares for XPS analysis and sputter depth profiling.
hydrogen annealinyy.Thus, we would like to know what Sputtering depth profiling was done ugia 2 keV Ar’
differences exist between the oxides grown on SiC and on §Pn beam rastered over a 10 0 mm area. The angle of
and how these differences affect the oxide/semiconductor ifcidence for the ion beam was30°, and a beam current of
terface. 0.2 uA was used. This resulted in an effective sputter rate of

In this letter we used x-ray photoelectron spectroscopy’-08 Nm/min over such a large area. Under similar condi-
(XPS) to study two oxides; one grown on a Si terminategtions. it has been reported that Asputtering results in only

p-type 6H-SIC and one grown on (800 for comparison. a thin amorphous surface layer approximately 1.0 nm thick,

XPS is uniquely capable to determine the compositional an?ﬁVhiCh islm_ucr;]less tfhan thel XPS qulecti?r;_deptg f°‘”d§.dC°eS
chemical nature of the grown oxides by measuring the intenfOt fesult in the preferential sputtering of Si or € in SIiC.

. . . XPS was performed using Mg x rayBi=1253.6 eV). Pho-
f the photoel f 1 :
sity and energy of the photoelectrons emitted from atoms Itoelectrons from Si B, C 1s, and O & core levels were

the surface. Sputter depth profiling is done to observe how lected Usi hemispherical | ith a 50 eV
the composition and chemical nature of the atoms chang(l‘é0 ected using a hemispnerical analyzer with a €V pass

from the oxide to the oxide/substrate interface and into th energy. An acceptance aperture was used to permit only pho-

substrate bulk. We determined the composition of the Oxidzoelectrons from & 2 mm4 mm area within the sample to be

grown on SIiC to be stoichiometric Sj0and we did not accepted into the analyzer. The choice of sputtering area,

. . . sample siz nd photoelectron tan rea wer ne t
detect excess carbon in the oxide nor at the interface. We d%ﬂ ple size, and photoelectron accepta \ce area were done to
assure that there were no edge effects in the XPS measure-

observe that the resultant oxide has a different chemical en-

. . . ) ents.
vironment than the oxide grown on Si. We also d|scoveredn Figure 1 shows the Si2spectra for oxidized SiC as a
that Si atoms in SiC near the interface are different from S'runction of sputtering time. Two peaks are clearly seef*Si

atoms in the bu]k of SiC. ) _from the oxide and S from the SiC substrate. Figure 2
The Si terminated 6H-SiC sample was prepared for oxi-

. : rpIots the peak areas of 'Siand Si"® as well as the C4and
dation by degreasing the sample and followed by a standarg 14 neak areas as a function of sputtering time. We observe

RCA cleaning procedure using buffered HF dips. The sampl?nat the St4

- i and O X peak area ratio is constant in the
was oxidized in wet @ at 1100-1150°C for~3 h. The

oxide. The Si“ to O 1s ratio for the oxide grown on SiC
was 4.6 and is identical to the ratio found for the oxide
¥Electronic mail: glenn.jernigan@nrl.navy.mil grown on Sf100. Correcting for the different experimental
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FIG. 1. XPS Si 2 spectra of Si@ grown on 6H-SiC taken after each 20

min sputtering interval from 0 to 300 miupward. The Si* peak is from  FiG. 3. XPS binding energy for §1, Si*°, and C & as a function of
the oxide and the SP peak is from the substrate. sputtering time for Si@grown on 6H-SiC and on 8i00).

cross sections of the Sip2and O Is, this ratio is equivalent
to a Si to O stoichiometry of 1 to 2. At the interface between
SiO, and SiC, we observe a decrease in the*$ind O I

the Si** binding energy is consistently lower for the oxide
grown on SiC. Second, the Sibinding energy for SiC shifts
peaks and a rise in the Siand C I peaks. While not tq lower energies through_ the mterfa_ual region but the
; . . . . i ) Si(100 sample does not shift. The shift is not the result of a
immediately obvious in the figure, the ratio of'8ito C 1s : : ) .

Si suboxide species. In cases where suboxides have been

decreases initially and becomes constant at a value of 1.4 f%rbserved the suboxide is seen as a small shoulder at a hiaher
bulk SiC. XPS has a longer sampling depth for thé®Si ’ 9

photoelectron as compared to the G fhotoelectron and binding energy from a much larger Sipeak, and the pres-

. L . , ence of suboxide peaks does not cause a change in the posi-
this may account for a larger initial Si signal. The width of jon of the SFO peak. The change in binding energy for the

the transition from oxide to SiC is due to the escape depth of_ , . - SR
the photoelectrons, and the actual interface may be atom 2! peaks through the interfacial region 15 similar for both
cally abrupt. It has been proposed that excess C can be fou C and S{100 and has been previously reported for the

at the interfacé® We did not observe any excess carbon butS'OZ/SI interface." Not shown in Fig. 3 are the changes in

we have a limiting sensitivity of 0.1 monolayers due to thethe O js binding em.argy.for Si@on SiC and on $l09) as
underlying of the bulk C signal. C was also not detected? function of sputtering time, because the ©peak shifts in
inside the oxide layer, but it may have been present beloyYnchronization with the Sf peﬂ(.. The difference In bing-
the bulk XPS sensitivity limit of 0.5%. Sputter depth profil- g energy between Osland Si* is a constant and is the
ing shows no difference in stoichiometry for an oxide grownSame value within experimental error for SiC and180).

4 - . . - -
on SiC as compared to an oxide grown oK180D), however The lower St binding energy in Si@ grown on SiC
the local environment of the Si atoms in the oxide and in the¥hen compared to §i00) is most likely due to4a structural
substrate near the interface is not the same. difference between the oxides. Because th&*$o O 1s

Figure 3 shows the binding energy of the"6and Si® ratio remains constant in the oxide and is identical to the

peaks for the oxide on SiC and on(8)0) as a function of ratio found for the Sil00), we can rule out the possibility

sputtering time. We observe two distinct differences. Firstthat the binding energy is lower due to the formation of a
sub-stoichiometric oxide. Another possible explanation that

we also discount would be the incorporation of another ele-
ment into the oxide. We have already mentioned that carbon

1000 L was not found in the oxide, and if another element were
present, it would have to be present in observable amounts to
800 cause such a significant shift in the*$ibinding energy.
Additionally, the element would have to appear more elec-
@ 600 tron donating to lower the binding energy of'$i In support
3 of our assignment of a structural difference, it has been re-
© 400 cently reported that the St peak from a stoichiometric ox-
ide can be shifted to a higher binding energy by compres-
200 sively stressing it with hydrogen implantatiéhin our case,
the oxide binding energy for SiC was found to be less than
0 = the standard value of 104 eV for stoichiometric oxide on Si,
0 60 120 180 240 300 360 indicating that the structural difference could be due to ten-
Sputtering Time ( minutes ) sile strain in the oxide film. The differences in strain may be

FIG. 2. XPS peak areas for S| Si%, O 1s, and C & as a function of cgused t.)y thermal stress differences among S?, SiC, a.nd
sputtering time for Si@grown on 6H-SiC. Si0O,, which have been proposed as an explanation for dif-
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ferences in fixed charge and interfacial trap density as a func- Differences between an oxide grown on 6H-SiC and an
tion of processing condition'S. Additionally, strain in the oxide grown on Sil00) were sought to explain the reported
oxide could be the result of the evolution of gaseous CO odifferences for the electronic properties of MOS structures
CGO, through the oxide or could result from the increasedmade in each material. We found that the oxidation of SiC
lattice distance between Si atoms in SiC as compared tdoes result in the formation of a stoichiometric Sifayer
Si(100. but that the chemical environment of the Sifayer is dif-

The change in the binding energy for'8iof SiC is an  ferent from the Si@layer which was grown on §i00). The
interesting and unexpected result. Thé%Jeak is observed difference between the two SjQayers was proposed to be
to be shifting through the interface. The*&ipeak is seen structural in nature and resulting from strain in the oxide
before all of the oxide has been sputter removed, because tlggown on SiC. No excess carbon was detected in the oxide or
Si*? photoelectron has an inelastic mean free path in thet the interface. We found that there was a change in the
oxide of ~4.6 nm and is first visible at a distance of 14 nm chemistry of Si atoms at the interface of SiC. Si atoms at the
above the interface. Similarly, the G peak can also be first interface were found to be in a different environment from
seen when the oxide is thinned to 10 nm. In Fig. 3, we als&toms in the bulk of SiC and a number of possible explana-
plotted the C % hinding energies as a function of sputter tions were discussed.
time through the interfacial region. We observe that thesC 1
peak does not change in energy. Because the fehk acts This work was supported by the Power Electronics
differently from the St°, this is an indication that the cause Building Blocks program monitored by Dr. George J.
for the Sit? shift is localized to Si atoms at the interface. The Campisi of the Office of Naval Research.
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